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(54) Drum type washing machine 



(57) A drum type washing machine includes a drum, a brushless motor for rotating the drum, and a control device for . 
controlling the motor. The rotational speed of the drum is controlled in the wash step so as to be varied in each period of its 
rotation in a range (n 4 -n h ) at least including a speed at which clothes fall down from the wall of the drum against centrifugal 
force. The point at which the clothes fall varies as the speed increases from n a (point 35a) to n b (35b), which reduces 
tangling. The speed increase may be linear or otherwise. The speed control involves feedback from a position/speed Hall 
detector and an input may also be provided by a load volume sensor. The latter functions by detecting rotational speed for a 
given voltage and referring to a table of experimental data. 
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- " DRUM TYPE WASHING MACHINE 

This invention relates to a drum type washing machine 
wherein a drum accommodating clothes to be washed with wash 
liquid is rotated about its transverse axis for performing 
washing . 

5 In conventional drum washing machines, a water- 

receiving tub is mounted in an outer cabinet and a drum 
having a number of apertures formed through its • per ipheral 
wall is mounted in the water-receiving tub so as to be 
rotated about its transverse axis. The drum is driven by an 
10 electric motor so that wash, rinse and dehydration steps are 
sequentially executed . 

The drum is rotated about its transverse axis 
alternately in forward and reverse directions in the wash 
step. With rotation of the drum, the clothes therein are 
15 scooped and raised by the inner peripheral wall surface of 
the drum and then caused to fall down. Such an agitating 
movement as described above is repeated. 

In the conventional drum type washing machine described 
above, however, a substantially uniform falling locus of the 
20 clothes in the drum is maintained during the wash step since 
the drum is usually rotated at a fixed speed. Consequently, 
a same agitating mode of the clothes is repeated, which 
increases the entwining of the clothes, preventing 
improvement of the washing effect and causing unevenness in 
25 cleanness of the washed clothes. 



Therefore, an object of the present i nvs -., -: * •■ 
provide a drum type v/ashing machine wh ar-sia >;-.^ .-.....>:.,., < . 
the drum in rotation in the wash £•;-•:-- -. •■• 
restrained from being entwine'"; -•;•! '-h 

5 In accordance with the ;:-ressnt •■• 

washing machine comprises a crura m-z=- -' -.->••■ 
to be rotated about a t ransT-sr 3 - r 
accommodating clothes to be was-ve-i; r ~L ' ■' 
is provided for rotating the drum , in a 
1 0 clothes are agitated with the 1 i " 
Rotational speed control means is Drovidv-" 
the drive means so that the rotational s-s^: 
varied during rotation thereof in the wash ste-:. i" - -r 
including a rotational speed at which the clothes in the 
15 drum are caused to fall down from an inner peripheral 
surface of the drum against a centrifugal force. 

In accordance with the above-described drum type 
washing machine, the drum is rotated in the wash step in the 
rotational speed range including the rotational speed at 
20 which the clothes are caused to fall down from the inner 
peripheral wall surface of the drum. As a result, the 
clothes are raised by a rotational angle and then caused to 
fall down. Such a movement of the clothes as described 
above is repeated so that a washing action is obtained. 
25 Furthermore, since the falling loci of the clothes or 
agitating modes are not uniform but necessarily varied with 
variations of the rotational speed C £ the drum, 
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Consequent ly the clothes can be restrained from being 
entwined with one another since the agitating modes include 
the one that acts so that entwined clothes are disentangled. 
The drive means may preferably comprise a brushless 
5 motor and the rotational speed control means may comprise 
voltage control means for feedback controlling a duty ratio 
of a pulse voltage applied to the brushless motor so that 
the rotational, speed of the motor is varied. 

Furthermore, it is preferable that the drive means 
10 comprise a brushless motor and the rotational speed control 
means comprise voltage control means for controlling a duty 
ratio of a pulse voltage applied to the brushless motor so 
that the rotational speed of the motor is varied, load 
volume detecting means for detecting the volume of the 
15 clothes accommodated in the drum, and rotational speed 
variation pattern control means for controlling the voltage 
control means so that the brushless motor is supplied with a 
pulse voltage with a duty ratio corresponding to the volume 
of the clothes detected by the load volume detecting means. 
20 The invention will be described, merely by way of 

example, with reference to the accompanying drawings in 
which: 

FIG. 1 is a schematic longitudinal sectional view of 
the drum type washing machine of a first embodiment in 
.25 accordance with the present invention; 

FIG. 2 is a block diagram showing an electrical 
arrangement of the drum type washing machine; 
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FIG. 3 is graph showing variation patterns of the 
rotational speed of the drum; 

FIG. 4 is a schematic sectional view of the drum for 
showing agitation of the clothes in the drum; 
5 FIGS. 5(a) through 5(c) are similar to FIG. 3 showing 

different modes of the variation patterns of the rotational 
speed of the drum; 

FIG. 6. is a view similar to FIG. 2 showing a second 
embodiment of the invention; and 

1 ° FIG - 7 is a graph showing contents of load volume 

determining data employed in the drum type washing machine 
of the second embodiment. 

A first embodiment of the present invention will be 
described with reference to FIGS. 1 through 4. Referring to 

15 FIG. 1 showing an overall construction of the drum type 
washing machine, an outer cabinet 1 encloses a water- 
receiving tub 2 held by a well known elastic suspension 
mechanism 3. A drum 4 is mounted on a support shaft 5 and a 
bearing 6 so as to be rotated about its transverse axis in 

20 the water-receiving tub 2. The drum 4 has a number of 
apertures formed through the peripheral wall thereof 
substantially over its entire area. The drum 4 lies z. beffis 
8 formed on its inner surface for scooping clothes in a wash 
step.. 

25 An electric motor 9 is mounted on the outer bottom of 

the tub 2. A belt transmission mechanism 14 is provided 
between a rotational shaft 1 0 of the motor 9 and the support 
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shaft 5 of the" drum 4. The belt transmission mechanism 14 
comprises pulleys 11 and 12 and a belt 13. Rotation of the 
motor 9 is transmitted to the drum 4 through the belt 
transmission mechanism 14. The reduction ratio of the belt 
5 transmission mechanism 14 is set to 10:1 in the embodiment. 
A brushless d.c. motor with a three-phase stator winding is 
employed as the motor 9 in the embodiment. A drive circuit 
for the motor 9 will be described later. 

An electromagnetic water supply valve 1 5 of a three-way 
10 switching type is provided in the upper inside of the outer 
cabinet 1. The water supply valve 15 is switched among 
three states, that is, a first state for supplying water to 
the tub 2 with the water passing through a detergent 
dispenser (not shown), a second state for supplying water to 
15 the tub 2 with the water not passing through the detergent 
dispenser, and a third state for interrupting the water 
supply to the tub 2. 

The tub 2 is provided with a drain hole 17 formed in 
the outer bottom thereof. A drain tube 18 is coupled to the 
20 drain hole 17 with an electromagnetic drain valve 19 
interposed therebetween. The drain tube 18 extends outside 
the outer cabinet 1 . A water head pressure transmission 
pipe 20 is coupled to the drain tube 18 in the vicinity of 
the drain hole 17. An air trap 21 is mounted on the upper 
25 end of the water head pressure transmission tube 20. The 
pneumatic pressure in the air trap 21 is applied through a 
tube 22 to a water level sensor 23 comprising a pressure 



sensor. An operation section 2 4 is provided in the top of 
the outer cabinet 1. Various switches 25 (see FIG. 2) and a 
display 26 (see FIG. 2) are provided in the operation 
section 24. 

5 An electrical arrangement of the drum type washing 

machine will now be described with reference to FIG. 2. A 
control device 27 comprises a microcomputer having a storage 
(not shown) for storing an operation program for controlling 
a washing operation including a wash step, an intermediate 
10 dehydration step, a rinse step and a final dehydration step. 
The drum 4 is rotated in a predetermined rotational speed 
pattern in the wash step, as will be described later. 

The control device 27 supplies a three-phase logic 
control circuit 28 with a rotational speed reference signal 
15 S n . The three-phase logic control circuit 28 constitutes a 
motor drive circuit 30 together with a three-phase logic 
circuit 29. The three-phase logic control circuit 28 also 
serves as rotational speed control means or voltage control 
means. Upon receipt of the rotational speed reference 
20 signal S n from the control device 27, the three-phase logic 
control circuit 28 supplies a pulse-width modulation (PWM) 
signal with a duty ratio according to the rotational speed 
reference signal to the three-phase logic circuit 29 
constituting the motor drive means. The three-phase logic 
25 circuit 2 9 comprises transistors arranged in three-phase 
bridge connection as well known in the art. A d.c. power is 
supplied to the three-phase logic circuit 29 from a 
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rectifier circuit 32 rectifying an a . c . power from a 
commercial a.c. power source 31. The motor 9 is provided 
therein with a Hall IC 33 serving as a position sensing 
element for sensing a rotational angular position of a rotor 
of the motor 9. A position detection signal generated by 
the Hall IC 33 is supplied to the three-phase logic control 
circuit 28, which circuit then determines a timing for 
energizing the stator winding of the motor 9, based on the 
position detection signal. 

The above-described position detection signal also 
serves as a speed detection signal for feedback controlling 
the motor 9. The three-phase logic control circuit 28 
includes comparison means (not shown) for comparing the 
speed detection signal with the rotational speed reference 
signal S n in order that duty ratio of the PWM signal is 
controlled so that the speed detection signal corresponds to 
the rotational speed reference signal S n . The three-phase 
logic circuit 29 converts an input voltage from the 
rectifier circuit 32 to a pulse voltage by means of the PWM 
signal from the three-phase logic control circuit 28. The 
pulse voltage is applied to the motor 9 and accordingly, the 
motor 9 is rotated at the rotational speed in accordance 
with an effective input voltage value depending upon the 
duty ratio of the pulse width of the pulse voltage. 

In response to inputs from the various switches 25 and 
the input from the water level sensor 23, the control device 
27 controls the water supply valve 15 and the drain valve 19 
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via 



via a drive circuit 34, the display 26 and the motor 9 
the drive circuit 30, thereby controlling the wash step. 

The control device 27 functions as rotational speed 
reference signal generating means. For this purpose, the 
5 operation program stored in the control device 27 contains 
data of the rotational speed reference signals 
corresponding to drive patterns including patterns of 
forward and reverse rotations of the drum 4 and patterns of 
rotational speed variations of the drum 4 in the" wash step, 
10 as is shown in FIG. 3. More specifically, the drum 4 is 
forward rotated for the time period t a , interrupted for the 
time period t b , and reverse rotated for the time period t , 
repeatedly. The rotational speed of the drum 4 is varied so 
as to be linearly increased from the value n & to the value 
15 n b . The high rotational speed n b is set as described below. 
The rotational centrifugal force P [kg.m/s 2 ] is given by the 
following equation (1): 

P=r«o) 2 -W (1 j 

where w [kg] is a mass, r [m] is the inner radius of the 
20 drum 4, and w [rad/sj is the angular velocity. when the 
term r -co is 1 g or below where g is gravitational 
acceleration tm/s 2 ], the clothes in the drum 4 are caused to 
fall down since a force causing the clothes to fall down is 
larger than a force urging the clothes onto the inner 
25 surface of the drum 4. Accordingly, the relation between 
the value of r.tu 2 and the value of g is determined by the 
following equation (2), for example: 
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r •co 2 =0 . 8 *g . ( 2 ) 

When the rotational speed N [r.p.m. ] is substituted for 

the angular velocity in the case of equation (2), the speed 

N is given by the following equation (3): 

5 X7 60-/0 .8 *g/r 

N = (3) 

The rotational speed N can be given by equation (3) 

when substituted for the angular velocity u>. The rotational 

speeds n a , n b are thus set in the range not exceeding the 

rotational speed N. 

10 The control device 27 is provided with the function of 

varying the rotational speed of the drum 4. More 
specifically, the control device 27 supplies the three-phase 
logic control circuit 28 with the rotational speed reference 
signal S n in the wash step so that the rotational speed of 

15 the drum 4 is varied from the value n a to the value n b in 
the time perio.d t a or during its rotation. The three-phase 
logic control circuit 28 then supplies the three-phase logic 
circuit 29 with the PWM signal in accordance with the 
rotational speed reference signal S n . The voltage according 

20 to the PWM signal is applied to the motor 9 by the three- 
phase logic circuit 29. Consequently, the motor 9 is 
feedback controlled so as to be driven to be rotated at the 
rotational speeds according to the rotational speed 
reference signal S n . The rotational speed of the drum 4 is 

25 varied in each period of rotation in the wash step as shown 
in FIG. 3. 

The rotational speed of the drum 4 is thus varied in 
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the wash step, as described above. A falling locus of the 
clothes in the drum 4 is also varied with variations of the 
rotational speed of the drum 4. More specifically, the 
clothes 35 are raised to a relatively high position and then 
5 caused to fall down as shown by arrow 35b in FIG. 4 when the 
rotational speed of the drum 4 is high (at the speed n b ) , 
while the clothes 35 are caused to fall down from a 
relatively low position as shown by arrow 3 5a when the drum 
rotational speed is low (at the speed n a ) . "Since the 
0 rotational speed of the drum 4 is continuously varied in the 
range between the value n a and the value n fa , a large number 
of patterns of the falling locus are obtained and 
accordingly, the agitation of the clothes is varied in a 
large number of modes. Consequently, the clothes can be 
5 restrained from being entwined with one another, the washing 
effect can be improved, and the unevenness in cleanness of 
the washed clothes can be prevented. Experiments carried 
out by the inventor show that washing can be performed 
effectively when n a , n fa , t a , t b , and r take the values of 40 
» r.p.m. , 55 r.p.m., 15 sec, 5 sec, and 220 mm (or 0.22 m) 
respectively. 

Although the rotational speed of the drum 4 is varied 
linearly from the value n a to n fa in the foregoing 
embodiment, the rotational speed variation pattern may be a 
curved one as shown in FIGS. 5(a)and 5(b) as a modification 
of the embodiment. Furthermore, although the rotational 
speed of the drum 4 is varied in one and the same mode in 
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the time periods of the forward and reverse rotation of the 
motor 9 in the foregoing embodiment, the drum rotational 
speed may be varied in the modes different from each other 
in the time periods of the motor forward and reverse 
5 rotation, as is shown in FIG. 5(c). 

FIGS. 6 and 7 illustrate a second embodiment of the 
invention. Describing the difference between the first and 
second embodiments, a control device 41 includes clothes 
volume detecting means 42 incorporated in the rotational 
10 speed varying means. The clothes volume detecting means 42 
comprises a volume detecting voltage command section 43, a 
rotational speed detecting section 44, a retrieval section 
45 and a storage section 46. 

The volume detecting voltage command section 43 
15 delivers a voltage of a predetermined value as a command 
value to the three-phase logic control circuit 28. Based on 
the signal from the Hall IC 33, the rotational speed 
detecting section 44 detects the rotational speed of the 
motor 9 in rotation at the voltage applied thereto according 
20 to the above-mentioned voltage command value. A rotational 
speed detection value is supplied to the retrieval section 
45, which section determines the volume of the clothes based 
on data of volume determination stored in the storage 
section 46. The volume determination data contains a data 
25 table indicative of values of the voltage applied to the 
motor 9 and the rotational speeds corresponding to the 
values of voltage for respective different load volumes. 
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The volume determination data has been obtained from 
experiments though concrete numeric values are not shown. 
The axis of ordinates represents torque T and the axis of 
abscissas represents rotational speed N in the graph of 
5 FIG. 7. The relations between the voltage applied to the 
motor 9 and the rotational speed when an amount of load 
applied to the motor 9 takes the values l« 1 , L 2 , L 3 and L 4 , 
which load amount depends upon the volume of the clothes to 
be washed. For example, in the case where the 'amount of 
10 load takes the value , the rotational speed takes the 
value N-j -J when the voltage V., 1 is applied to the motor 9. 
From another point of view, the voltage applied to the motor 
9 takes the value V-, 1 when the rotational speed reaches the 
value N n in the condition of the load amount L-, with the 
15 applied voltage gradually increased from zero. Since the 
torque T is approximately proportional to the current, the 
amount of load can be obtained when two of three factors, 
current, applied voltage and rotational speed, are found. 
In the embodiment the voltage to be applied to the motor 9 
20 is previously determined at an initial stage of the wash 
step and the rotational speed of the motor 9 is detected. 
Based on the detected rotational speed, the amount of load, 
that is, the volume of clothes is determined. A clothes 
volume detection signal indicative of the detected volume of 
25 clothes is utilized for controlling the three-phase logic 
control circuit 28 so that the three-phase logic circuit 29 
delivers, as an initial value at starting in each period of 
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rotation, the pulse voltage having the duty ratio 
corresponding to the volume of clothes. Control of the 
motor 9 is transferred to the feedback control as in the 
foregoing embodiment after its starting period elapses. 
5 Although the clothes are caused to fall down from the 

drum inner peripheral wall surface at all the speeds of each 
rotational speed variation pattern in the foregoing 
embodiments, each pattern may include the upper limit speed 
at which the clothes cannot stand against the centrifugal 
10 force to be forced to rotate with the drum 4. In short, 
each rotational speed variation pattern may include at least 
one rotational speed at which the clothes are caused to fall 
down from the drum inner peripheral wall surface . 

Although the brushless motor is employed as the motor 9 
15 in the foregoing embodiments, those of other types may be 
employed wherein the rotational speed is varied in 
accordance with the input voltage value or the frequency of 
the input voltage. 

The foregoing disclosure and drawings are merely 
20 illustrative of the principles of the present invention and 
are not to be interpreted in a limiting sense. The only 
limitation is to be determined from the scope of the 
appended claims. 



1 4 
CLAIMS 

1. A drum type washing machine comprising: 
a) a drum mounted on a suitable support so as to be 
rotated about a transverse axis thereof, the drum 
accommodating clothes to be washed with liquid; 
5 b) drive means for rotating the drum in a wash step so 

. that the clothes are agitated with the liquid in the drum; 
and 

c) rotational speed control means for controlling the 
drive means so that a rotational speed of the drum is varied 
10 during rotation thereof in the wash step in a range 
including a rotational speed at which the clothes in the 
drum are caused to fall down from an inner peripheral 
surface of the drum against a centrifugal force. 
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2. A drum type washing machine according to claim 1 , 
wherein the drive means comprises an electric motor and the 
rotational speed control means comprises means for 
controlling either voltage applied to the motor or frequency 
thereof so that the rotational speed of the motor is varied. 



20 



3. A drum type washing machine according to claim 1 , 
wherein the drive means comprises a. brushless motor and the 
rotational speed control means comprises voltage control 
means for controlling a duty ratio of a pulse voltage 
25 applied to the brushless motor so that the rotational speed 
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of the motor 'is varied. 

4. A drum type washing machine comprising: 

a) a drum mounted on a suitable support so as to be 
5 rotated about a transverse axis thereof, the drum 

accommodating clothes to be washed with liquid; 

b) a brushless motor for rotating the drum in a wash 
step so that the clothes are agitated with the liquid in the 
drum; 

10 c) rotational speed detecting means for detecting a 

rotational speed of the brushless motor and generating a 
speed detection signal; 

d) means for generating a rotational speed reference 
signal corresponding to a drive pattern for driving the 

15 brushless motor so that the rotational speed of the drum is 
varied during rotation thereof in the wash step in a range 
including a rotational speed at which the clothes in the 
drum are caused to fall down from an inner peripheral 
surface of the drum against a centrifugal force; and 

20 e) a logic control circuit generating a PWM signal for 

driving the brushless motor, the logic control means 
including comparison means for comparing the speed detection 
signal generated by the rotational speed detecting means 
with the rotational speed reference signal for controlling a 

25 duty ratio of the PWM signal so that the brushless motor is 
feedback controlled. 
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5. A drum type washing machine comprising: 

a) a drum mounted on a suitable support. so as to be 
rotated about a transverse axis thereof, the drum 
accommodating clothes to be washed with liquid; 

b) a brushless motor for rotating the drum in a wash 
step so that the clothes are agitated with the liquid in the 
drum; and 

c) rotational speed control means for controlling the 
brushless motor so that a rotational speed of the drum is 
varied during rotation thereof in the wash step in a range 
including a rotational speed at which the clothes in the 
drum are caused to fall down from an inner peripheral 
surface of the drum against a centrifugal force, the 
rotational speed control means including load volume 

15 detecting means for detecting a volume of clothes in the 
drum and means for controlling a pulse voltage applied to 
the brushless motor so that the pulse voltage has a duty 
ratio corresponding to the volume of clothes detected by the 
load volume detecting means. 

20 

6. A drum type washing machine according to claim 5, 
wherein the load volume detecting means includes storage 
means for storing a data table indicating relations between 
a voltage applied to the brushless motor and the rotational 
25 speed thereof at different load volumes, rotational speed 
detecting means for detecting the rotational speed of the 
brushless motor and generating a speed detection signal, 
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retrieval me'an's for retrieving the data table stored in the 
storage means based on data indicative of the speed 
detection signal generated by the rotational speed detecting' 
means and data indicative. of the voltage applied to the 
5 brushless motor, thereby generating a load volume detection 
signal indicative of the load volume data corresponding to 
both of the data, 

7. A drum type washing machine comprising: 
10 a) a drum mounted on a suitable support so as to be 

rotated about a transverse axis thereof, the drum 
accommodating clothes to be washed with liquid; 

b) a brushless motor for rotating the drum in a wash 
step so that the clothes are agitated with the liquid in the 

15 drum; 

c) rotational speed detecting means for detecting a 
rotational speed of the bru.shless motor and generating a 
speed detection signal; 

d) means for generating a rotational speed reference 
20 signal corresponding to a drive pattern for driving the 

brushless motor so that the rotational speed of the drum is 
varied during rotation thereof in the wash step in a range 
including a rotational speed at which the clothes in the 
drum are caused to fall down from an inner peripheral 
25 surface of the drum against a centrifugal force; 

e) a logic control circuit generating a PWM signal for 
obtaining a pulse voltage for driving the brushless motor, 
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the logic control circuit including comparison means for 
comparing the speed detection signal generated by the 
rotational speed detecting means with the rotational speed 
reference signal for controlling a duty ratio of the PWM 
5 signal so that the brushless motor is feedback controlled; 

f) load volume detecting means for detecting a volume 
of clothes in the drum; and 

g) means for controlling the pulse voltage applied to 
the brushless motor so that an initial value of the pulse 

10 voltage applied to the brushless motor has a duty ratio 
corresponding to the volume of clothes detected by the load 
volume detecting means. 

8. A drum type washing machine substantially as herein 
15 described with reference to the accompanying drawings. 
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